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ABSTRACT  (ONGERUBRICEERD) 

The  ’Vertical  Atmospheric  Structure  Trial'  (VAST92)  took  place  from  Sqrtember  28  to  October  16, 1992  at 
die  Webr  Technische  Dienststelle  (WTD  52),  Obojettenberg,  Germany,  in  the  framework  of  NATO  working 
grotqp  AC/243  (Panel  4/RSG.8)  on  atmospheric  propagaticm  effects  on  electro-optical  systems.  The 
eiqieriment  was  designed  to  quantify  the  influence  of  the  atmosiAeric  vertical  structure  variations  on  infrared 
propagation  and  imaging  and  on  lidar  means  of  remotely  sensing  the  variatioos.  The  TNO-Physics  and 
Electronics  Laboratory  participated  with  a  lidar  syston,  meteo  and  aerosol  equqxnent  The  iid»w  was 
stationed  in  the  valley.  An  altimeter  and  meteo-equipment  were  mounted  on  die  cable  car.  Aerosol 
Electrometers  and  meteorological  equqiment  were  used,  including  a  sonic  anemometer  and  a  fast  hygrometer 
to  measure  turbulence  on  the  mountain.  A  large  part  of  the  data  from  these  instruments  is  of  crucial 
inqiortaoce  for  the  evaluation  and  interpretation  of  the  data  obtained  die  odier  partidpants. 

In  diis  rqiort,  we  present  an  overview  of  the  TNG  instrumentation  and  experiments.  A  numbs  of  Ham  sets 
have  besi  processed  to  demonstrate  the  possibilities  of  the  different  instruments.  Interpretation  of  the  results 
is  posqxmed  to  later  rqports.  This  rqiort  is  also  a  gui(fe-line  fcnr  processing  the  TNG  in  conjunction  with 
data  from  other  participants. 
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SAMENVATIING  (ONGERUBRICEERD) 

De  ’Vertical  Atinosidieric  Structure  Trial'  (VAST92)  werd  gefaouden  van  28  8q>teinber  tot  16  oktober  1992 
bij  de  Wehr  Technische  Dienststelle  (WTD  52),  Oberjetteobag,  Doitsland  in  bet  leader  van  NATO 
weriegroep  AC/243  (Pismel  4/RSG.8)  CAtmospheric  propagation  effects  on  electro-optical  systems’).  Het  doel 
van  dit  e]q;>eritnent  was  om  na  te  gaan  wat  de  invloed  is  van  de  vertikale  atmosfeiiscbe  stiuktuurvariaties  op 
I»opagatie  in  bet  inftarood  o.a.  voor  afbeeldende  systemen  en  op  bdar  inversieniedioden  die  deze  variaties 
kunnoi  meten.  TNO  I^sisch  en  Elektroniscb  Laboratoriom  beeft  eea  substantiSle  bijdrage  geleverd  met  een 
lidar  in  bet  dal,  met  rneteorologiscbe  sensoren  en  een  hoogtemeter  aan  de  gondeL  Aerosol  q)ectronaMers  en 
meteorologiscbe  sensoren  werden  gebruikt,  inchisief  een  sonisebe  anemometer  en  een  snelle  vocfatigbdds- 
meter  om  tuibol^itie  te  konnen  meten  op  de  berg.  Een  groot  deel  van  de  gegevois,  verkregen  m^  deze 
instromenten,  is  van  cruciaal  belang  bij  de  evahiatie  en  de  inteipretatie  van  de  gegevens  die  door  de  andere 
deelnoners  zijn  verzan^ld. 

In  dit  rqjpoit  geven  we  een  overzicht  van  de  door  TNO  gehruikte  instromenten  en  van  de  TNO 
e]q)erimenten.  Een  aantal  data  sets  zijn  uitgeweikt  nn  de  mogelijkbeden  van  de  vascbillmde  instromenten 
kt  laten  aen  en  om  aan  te  geven  op  welke  wijze  de  data  kan  worden  uitgewedet  en  gqnesenteerd.  Dit  rapport 
dient  tevms  als  leidraad  bij  bet  oitwerken  van  alle  beschikbare  gegevens  zoals  gemeten  door  TNO,  tezamen 
met  de  data  van  de  andere  deelnemers. 
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I  INTRODUCTION 

The  'Veitical  Atmoqdieric  Structure  Triel*  (VAST92)  was  organized  ficom  Sq>tetnber  28  to 
October  16,  1992  at  die  Wehr  Tecbnische  DienststeUe  (WTD  52),  Obojettenberg,  Gennany,  in 
die  firamewotk  of  NATO  working  groqi  AC7243  (Panel  4/RSG.8)  on  Atrnosidieric  propagatirm 
effects  on  ekctio-optical  systems.  The  experiment  was  designed  to  quantify  die  influence  of  die 
atmosidieric  vertical  structure  variations  cm  infrared  prqiagation  and  imaging,  and  cm  lidar  means 
of  remotely  srasing  the  variations.  Dr.  L.R.  Bissonnette  of  DREV,  Canada,  was  chairman  of  the 
scientific  committee,  vdiich  further  consisted  of  Dr.  A.  Kohnle  of  FfO,  Germany,  udm  was 
reqionsible  for  the  local  organization.  The  WTD  52  cable  car  facilities  provide  a  unique 
oqiability  for  performing  slant  path  measurements  over  an  altitude  range  from  about  650  m  to 
about  1700  m.  The  in  situ  measured  results  form  the  'ground  truth'  data-base  for  evaluation  of 
algorithms  used  to  retrieve  the  slant  path  transmission  from  remote  season  (lidar)  and  for  the 
assessment  of  the  atmospheric  effects  oa  IR-imagers.  More  batdcground  information  on  diis 
expedmeat  has  been  described  by  Bissminette,  1992a. 

Ihe  TNG  Physics  and  Electroaics  Laboratory  particqiated  widi  a  Mie  lidar  in  the  valley  and  widi 
supportiag  instruments  <»  the  cable  car  (meteo  sensors  +  data  recorders).  At  the  mountain  statioo, 
TNG  provided  meteo  equqment,  aerosol  probes,  an  ultra-sonic  anemometer  (20  Hz)  and  an  IR 
hygrometer  (20  Hz),  hi  a  later  stage  of  the  eiqperiment,  the  ground  tenqierature  near  Gredinger 
Haus  was  also  measured  for  USAP  particqiants. 

Gdier  particqiants  participated  widi  lidar  systems,  IR-imagers,  meteo-,  turbulence-  and  aerosol 
equqiment,  a  dropsonde,  transmissometers,  a  white-cell  and  others,  as  described  in  Bissonnette, 
1992a. 

The  purposes  of  this  rqxitt  are  to  present  an  overview  of  die  available  TNG  data-bases  for  other 
participants  and  to  indicate  the  capabilities  of  our  instruments.  This  is  illustrated  with  some 
(partly)  processed  data. 

Note;  AH  the  times  moitioned  in  this  report  are  local  times,  referred  to  the  public  Cesium  clock  of 
the  'PhysOcalisch  Technischen  Budesanstalt'  in  Braunschweig,  Germany. 
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During  tbe  initial  jdiaae  of  die  aq>eriinein,  the  weather  was  clear  with  sim  dune  daring  die  d^.  In 
die  second  and  third  week,  low-altitude  clouds  and  doud  {Miches  lasted  for  longer  {letiods  (W  and 
around  die  mounuia,  and  in  die  valley.  The  estimated  visihility  in  die  clouds  was  about  2S  m,  as 
confirmed  by  human  obaervatira  of  recognizable  objects  from  the  cable  car.  The  cloud  layers 
dissolved  smnetimes  widiin  a  few  minntes  udien  die  sun  rose  over  die  mountain  tqps. 
Ten^Mratmes  were  all  above  die  freezing  {xiint,  excqit  in  die  morning  of  IZ  O^ober.  The 
hmizootal  wind  speed  ahuig  the  mountain  was  in  general  less  dian  a  few  miners  per  seomd.  In  die 
beginning  of  the  diird  wedc,  Gredinger  Ifeus  was  in  the  sun,  while  the  valley  was  covered  widi 
clouds. 

A  mote  extensive  and  day  to  day  description  of  the  weather  situation  has  been  given  by 
Bissonnette,  1992b. 
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2  PARAMETERS.  SENSORS  AND  LOCATIONS 

Die  Df  O  iDstnimeats  used  during  die  eiqieriment  were  eidier  firetoiy  calibrated  (e.g.  IR-bumidity 
sensor,  pressure  sensor  and  ultTMnnic  anecnometer)  or  calibrated  at  die  laboratory  (e.g. 
temperature,  relative  humidity).  Before  and  after  die  experiment,  instrument  cmnpariamis  were 
made  (e.g.  for  tenqierature,  pressure  and  wind).  During  the  experiment,  however,  it  Ripened  diat 
die  adjustments  of  die  pre-an^lifiers  for  dtt  Rotionic  and  for  die  dieimistor  had  dunged  during 
the  final  mechanical  construction.  The  validated  data  (presented  here)  have  been  corrected  for 
these  effects. 

An  overview  of  the  instruments  used  during  the  eiqieriment,  their  locatimu,  and  the  measured 
parameters  is  presented  in  Table  2.1. 

TaUe2.1:  Overview  of  the  instniments  ai^  the  parameters  measured  by  TNO  in  the  vaD^,  at  the 

mountain  top  and  on  die  cable  car  daring  VAST92. 


parameter 

valley 
(see) 
Qufiter  3 

cable  car 
(see) 

Ou^iterd 

mountain 

(sec) 

ChiqiterS 

losttument 

RH,TA 

• 

X 

Hygrophyl 

WS 

- 

X 

X 

Cq>  anemometer 

WD 

- 

X 

X 

Wind  vane 

TA 

- 

X 

- 

Thermistor 

U 

X 

- 

Lidar 

WS.WD.TA 

- 

- 

X 

Sonic  anemmneter 

RH,TA 

PR,  ALT 

- 

X 

X 

IR  hygrometer 

Pressure  sensor  1 

PR 

- 

- 

X 

Pressure  sensor  2 

RH,TA 

- 

X 

- 

Rotronic 

RR 

- 

- 

X 

Rain  Gauge 

SI 

- 

- 

X 

Scatteiometer 

IR 

- 

- 

X 

Pyranonuter 

AE 

- 

- 

X 

Aaosol  probes 

GT 

- 

- 

X 

Thermistor 

Lffg.<gpd: 

AE 

a  aerosol  particle  size  distributitm 

RH 

s  relative  humidity 

ALT 

o  altimeter 

RR 

s  rainrate 

GT 

as  ground  tenqierature  near  Gredingn  Haus 

SI 

»  scattering  intensit 

IR 

s  irradiation 

TA 

=  air  temperature 

U 

s  lidar 

WD 

s  winddiiecdon 

PR 

B  atmospheric  pressure 

WS 

B  windqieed 

I 
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One  of  tbe  TNO  data  lecotden  on  the  cable  car  recorded  also  the  oaqaits  of  the  visibiliQr  meter 
and  of  die  IR-scaderometer  of  DREV  (both  called  Visibility'  meters  in  die  rest  of  tbe  r^xst). 

The  instruments  mentUmed  in  Table  2.1  operated  perfecdy  during  the  common  measuring 
periods.  The  instruments  <m  the  mountain  (meteo,  ultra-sook  anemometer  and  IR-hygromi^) 
operated  24  hours  per  day.  Detailed  information,  e.g.  on  the  active  periods  and  on  die  available 
data  differentiated  to  location  is  presented  in  sections  3  to  5.  This  is  illustrated  widi  some  typical 
examples.  A  general  overview  of  all  particqiants  with  dieir  equipment  has  been  presented  by 
Bissonnette,  1992a,b. 
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3  INSTRUMENTIN  THE  VALLEY 

The  TNO  SMAL-lidar  was  staticMied  in  die  valley  to  measure  die  vertical  stmctme  of  die 
atmosjAieric  scattering.  This  lidar  system  has  been  described  by  Konz,  1991  and  by  Bisscmnette, 
1992b.  Stimulated  by  Dr.  Bissonnette's  multi-field-of-view  lidar,  also  some  multqilB  scattering 
measurements  were  peifonned  using  an  adjustable  second  receive  on  of  die  main  lidar.  Table 
3.1  gives  an  overview  of  the  active  periods  of  die  SMAL-lidar.  Results  will  be  presoited  in  a 
forthc(»ning  report 


Table  3.1:  Active  periods  of  the  TNO  SMAL-lidar.  induding  the  amount  of  data  recorded. 


Date 

Local  Time 

October 

0011111111112 

Amount  of 

8901234567890 

data  In  by 

5 

1  III  11 

7.410346 

6 

1  J  1  1 

12.332924 

7 

1  1  1  1  I  I 

9.908076 

8 

1  1  1  1 

6214856 

9 

1 _ 1 

25.087205 

10 

II  1  1 

21.145659 

11 

1 _ 1  1 _ 1 

6.312870 

12 

1 _ 1 

7.103267 

13 

1 _ 1 

6.111559 

14 

1 _ 1 

Z056895 

15 

1  1 

4.469186 
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4  INSTRUMENTS  ON  THE  CABLE  CAR 

4.1  Introductioo 

An  instnimented  cable  car  (during  the  e]q>eriment  also  called  'gondola*)  was  moved  iq>  and  down 
along  the  mountain  slope  to  characterize  die  vertical  structure  of  die  atmosphere.  Season  were 
used  for  tenqieratnre,  relative  humidity,  visihiliQr,  aerosol  size  distribution,  wind  speed  and  wind 
direction.  An  overview  of  die  TNO  equqiment  on  diis  cable  car  is  presented  in  Table  4.1.  ha 
addition,  TNO  recorded  die  data  of  the  DREV  visibility  meter  and  of  die  DREV  IR-scatterometer. 

Table  4.1;  Sensors,  provided  by  TNO,  mounted  on  the  cable  car. 

clock 
theimistar 
relative  humidity 
wind  vane 
cup  anemometer 
pressure  (altimeter) 

Figure  4.1  shows  photogrs^s  of  both  sides  of  the  instrumented  cable  car. 


TNOraport 


Rgure  4.1:  Hie  instnuneiited  cable  car  as  seoi  from  the  mountain  side  (a)  and  frmn  the  valley  side  (b). 


The  TNO  solar-ceU-powered  instroments  with  data  recorders  were  mounted  on  the  mountain  side 
of  die  cable  car.  The  thennistor  and  die  Rotronic  were  both  mounted  in  a  white  plastic  radiation 
shield.  The  udiite  mechanical  protecting  cap  on  the  Rotronic  was  mnoved  to  increase  the 
tenqporal  response  of  this  sensor.  The  pressure  sensor  was  mounted  in  one  of  the  solar-cell 
housings.  The  wind  vane/ci^  anemometer  was  mounted  on  the  ladder  just  above  the  roof  of  the 
cable  car.  We  realize  that  the  wind  measurements  at  diis  plac%  will  often  have  been  influenced  by 
the  cable  car.  The  visibility  meter  (DREV),  die  IR-scatterometer  (DREY),  the  aerosol  equqiment 
(FfO)  and  a  second  wind  sensor  (FfO)  were  mounted  on  the  valley  side  of  the  cable  car. 
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4.2  Calibration  of  the  altimeter 

The  altitude  of  tiw  cable  car  was  detomined  witii  a  pressure  sensor  which  (recording)  range  has 
such  been  diosen  (700 ...  1000  mBar)  that  it  could  handle  both  die  normal  atmoqdieric  pressure 
variations  and  the  pressure  difference  between  the  valley  and  the  mountain  statiim.  Each  100 
mBar  interval  was  digitized  with  8  bits  ^^uch  resulted  in  a  height  resolution  of  about  3  m.  The 
actual  conversion  from  pressure  to  altitude  was  calculated  using  time-series  frtnn  tiie  pressure 
sensor  and  from  the  Imgth  of  tiie  drawing-cable,  as  recorded  during  tire  test-run  on  1  October. 
(The  drawing-cable  pulls  tire  cable  car  iq)  and  down.)  The  relation  between  tire  length  of  tire  cable 
and  the  height  of  the  cable  car  was  provided  by  tiie  proving  ground.  As  a  result,  tire  conversion 
from  pressure  to  height  could  be  realized  as  outlined  below  in  short 

The  cross  section  of  tiie  mountain  below  the  cable,  tire  path  of  tiie  cable  car  and  the  lengtii  of  the 
drawing  cable  are  presmted  in  Figure  4.2.  External  influences  on  the  shape  of  tire  cable  profile, 
like  temperature  and  load  of  tire  cable  car,  are  not  considered  here.  Hie  height  of  tire  cable  car  has 
been  expressed  as  a  second  order  polyruumal  qiproximation  in  tiie  drawing-cable  length,  as 
shown  in  tire  upper  left  of  the  figure.  The  mflurace  of  the  criile-siqipart,  close  to  tire  mountain 
station,  has  been  neglected. 

Subsequoitfy,  the  height  of  the  cable  car  was  expressed  in  the  lengtiis  of  tire  drawing-cable  (by 
eliminating  tire  hmizontal  distance)  and  con^iaied  witii  tire  data  from  tire  pressure  sensor.  The 
results  are  shown  in  Figure  4.3.  The  triangles  represent  the  height  of  the  cable  car  as  a  fimction  of 
tire  pressure  and  the  small  open  circles  represent  the  lengtii  of  the  drawing  cable  as  a  function  of 
the  pressure.  The  parameters  for  tiie  linear  approximation  are  shown  in  tiie  figure. 

A  theoretical  derivation  of  the  relation  between  pressure  and  aitioide  for  tire  Oberjettenberg 
situation  is  presented  in  Appendix  A.  The  difference  between  tire  eiqierimentally  found  gradient 
dZ/dP  of  938  mAnBar  and  the  theoretical  value  of  9.2  m/mBar  might  be  caused  by  tire  non 
adiabatic  h^se  rate  of  tire  air  tenqrerature  (Dr.  J.  Martin,  private  communications). 


HEIGHT  GONDOLA  A.S.L.  in  m  1  HEIGHT  ABOVE  SEA  LEVEL  in  m 
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e  4.2:  Orms  section  of  the  mountain  (solid  thick  line)  and  pioGle  of  die  cable  (solid  diin 

line).  The  kngdi  of  the  drawing-cable  versus  the  horizontal  position  is  shown  as  a  hM 
das^  line.  A  second  order  pdyncxnial  appmxinutes  the  heig^  of  the  cnbk  car  (H)  in  the 
length  (L)  the  drawing-caUe. 
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PRESSURE  in  mBar 

Hguie  4.3:  Height  of  the  cable  car  (triangles)  and  die  length  of  die  drawing-cable  (small  open  circles)  as 

a  hmction  of  the  pressure.  A  lin^  approximation,  expressing  the  height  in  the  jaessure,  is 
shown  as  a  dashed  line  and  printed  in  the  top  of  the  figure. 
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4.3  Active  periods 

The  TNO  sensors  and  die  data  recorders  were  active  dnring  aU  formal  cable  car  runs.  Table  4.2 
gives  an  overview  of  diese  active  periods.  Each  horizontal  line  in  the  table  rqaesents  one 
con^tete  up  and  down  tr^.  Runs  with  more  than  one  iqi/down  ti^  have  been  split  (indicated  by  a 
series  of  dots).  Separate  tuns  on  one  day  are  identified  in  die  first  cohimn  by  a  letter  (a,b,c,d)>  The 
last  column  shows  the  mode  in  which  die  cable  car  was  transported:  n(ormal)  s(peed)  (about 
4  m/s),  r(educed)  s(peed)  or  in  st(eps).  Because  die  lengdi  of  the  drawing  cable  was  about  2100 
m,  each  ascoit  or  descent  at  normal  speed,  including  the  start  and  stop  procedure,  lasted  about  10 
minutes. 


TaiUe4.2:  Overview  of  the  nins  of  die  instrumented  cable  car  during  VAST92.  The  bars  indicate  die 

duration  of  eadi  run.  The  last  crdumn  indicates  die  type  of  transportation  (formal  Speed, 
Reduced  Speed  or  STep  wisel. 
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4.4  Some  exanqiles 

Hie  data  of  die  season  in  die  cable  car  can  eidier  be  presented  as  a  fanctkm  of  dme  or  as  a 
fimction  of  altitude.  The  final  choke,  of  coarse,  dqiends  m  die  requirements  of  die  user  but  one 
should  lceq>  in  mind  diat  the  atmo^diere  mi^  vary  bodi  in  time  and  ap$ot  in  diis  orogrqduc 
environment  As  a  result  die  data  obtained  during  the  ascent  and  die  descent  mi^  be  difierent 
TherdTore,  die  results  will  bodi  be  plotted  as  a  function  of  time  and  as  a  function  of  pressure 
(altitude)  to  illustrate  die  difference. 

Hie  selected  data-set  is  from  the  cable  car  run  on  9  October  1992,  from  09:00  to  10:30  ajn.,  sriien 
slowly  dissolving  low  lying  clouds  drifred  in  die  vallqr.  On  die  mountain,  however,  die  sun  wu 
shining.  The  ascent  of  die  cable  car  was  in  steps,  stopping  for  about  5  minutes  at  fixed  heighta; 
the  descend  was  at  normal  speed. 

Figure  4.4  a..d  shows  die  results  as  a  functicHi  of  time  and  Rgure  4J$  a..d  shows  die  same  results 
as  a  function  of  altitude. 
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Rgnre  4.4c  shows  the  results  of  the  windHneter.  The  wind  (firectkn  is  (tiffirolf  to  (ietennine 
becsnse  the  wind  qieed  was  low. 

Figure  4.4d  shows  the  results  from  die  mEV  Visibility’  meiets  indicaring  the  presence  of  die 
doud  litycr  during  die  ascent  ud  the  (almoat)  absence  ot  this  Itycr  during  die  descent.  This  can 
be  intytxtant  during  die  inteipretation  of  the  lidar  data. 

The  data  shown  in  Hgure  4.4  has  also  been  {dotted  as  a  function  of  altitude,  see  Figure  4.5a..d. 

The  results  of  Figure  4.3  show  that  die  vestkal  atmoqdieric  variations  are  significant,  both  in  thne 
and  in  qiace.  Futthennore,  it  becomes  dear  that  the  doud  layer  had  patdy  been  dissolved  during 
the  descent  as  can  be  seen  in  die  relative  humidity  and  the  extinction. 

^2^:  The  instrumented  cable  car  was  normally  parked  in  a  h«il  Some  before  the  caUe 

car  dqiarted,  the  instruments  and  the  data>recaniets  were  started.  Therefore,  the  peak  values  in 
die  begirming  of  die  figures  indicate  the  difierence  in  climate  between  the  atmoqriiere  outside  and 
indiehalL 
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3  mSTltUMENTS  ON  1193  MOUNTAIN 

S.l  buxodnction 

On  die  mountain,  at  about  3  metm  from  Gfedinger  Hans,  TNO  measured  temperature,  pseasuie, 
wind  ^leed  and  wind  dsectko,  relative  humidity,  aerosol  particle  size  distribotion,  irradiation  and 
precqntation.  The  location  was  ooc  of  die  hi^test  points  widiin  die  area,  providing  mi 
unobstructed  view  over  die  valley  station  in  die  noidieni  direction  dose  to  a  steq>  slope,  hi  die 
odier  directioos,  die  surface  was  sloping  and  covered  with  low  green  pine  shrubs.  A  sdiematic 
overview  of  the  locadoos  of  the  TNO  instruments  is  given  in  Rgure  3.1. 


QREDINQER  HAUS 


PYRANOMETER 
NEPHELOMETER 
RAIN  GAUGE 

AEROSOL  PROBES 


M^TEO  MAST 


with:  SONIC 
OPHIR 
HYGROPHYL 


Figure  S.l:  Locatioiis  of  die  TNO  instrumeots  around  the  mountain  station. 
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Tlie  pyraaomeler,  die  neplielooieter,  the  nin  gauge  and  die  aerosol  probes  wero  placed  on  a 
wooden  platfonn  (3x6  n^,  about  4  m  from  the  soodieni  wall  of  die  boose.  The  aeroaol  probes 
wore  placed  at  7S  and  95  cm  above  die  platfocm.  The  inlets  of  were  mantially  directed  into  the 
wind. 


Hgnn  5.2:  Overview  of  die  TNO  instniments  on  the  wooden  platfonn  near  Giedinger  Hans.  Ptom  left 
to  right:  pyianometer,  nq)bd(»neta,  Marcel  Moennan  near  the  rain  gauge  and  die  brntes 
with  the  aerosol  probes. 


TNOraport 


Hie  ultra-sonic  anemometer,  die  IR  hygrometer  and  the  ciqp  anenKHneter/wind  vane  were 
mounted  cm  a  S  m  high  mast  at  about  6  m  firtmi  the  house,  as  close  as  possible  to  die  ridge  of  the 
mountain,  widi  a  free  aspect  to  die  instruments  in  die  valley.  The  (top  of  die)  mast  is  diown  in 
HgureS.3. 


Rgure  S.3:  The  TNO  meteo  mast  near  'Oredinger  Hans'  with  die  uhiB-soiiic  anemometer  on  top  and 
below  die  IR-hygrometer  on  die  left  and  the  cup  anemomdei/wind  vane  on  the  right 
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Boda  the  inr****^  of  die  mstnunents  on  the  wooden  pUdfonn  and  the  locatum  of  die  mast  were 
such  dial  die  smaon  were  in  die  prevailing  wind  directm. 

About  1  m  from  die  ground  (not  shown  in  Hguie  5.3),  an  hygn^yl  (wre  and  dry  bulb)  sensor 
was  mounted  on  die  mast 

b  the  next  three  sections,  an  overview  will  be  presasted  of  die  available  data  sets  as  obtained 
with  the  TNO  sensors  on  the  mountain.  Some  examples  of  die  data  are  shown.  Bach  sectitm 
rqnesents  a  typical  group  of  instruments: 

meteo,  san^ling  rate  1  Hz,  averaged  over  5  minutes 
see  section  5 

•  turbulent  air  flow  and  humidity,  sampling  rate  20  Hz 
see  section  5.3 

•  aerosol  counters,  integrating  time  S  minutes  or  less,  depending  on  the  weadier  conditions 
see  section  5.4. 


5.2  Meteo  station;  active  periods  and  exanqiles 

Ihe  actual  metemological  condition  on  die  mountain  was  measured  widi  die  following 
instrummts: 


wind  vane 
cup  anemometer 
dry  and  wet  bulb 
pyranometer 
rain  gauge 
nqidielometer 
pressure  sensor 


-  Hues 

-  Thies 

-  hygroidiil 

-  K^enZn,CM6, 3Q5..2800nm 

-  TNO-FEL 

-  TNO-FEL 

-  Honqrwell 
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Hie  seoMn  were  sanqikd  eadt  secood;  die  5-niiQutes  averaged  values  and  didr  standard 
deviations  were  stored.  The  meteo  sensors  have  been  operated  unattended  24-hours  per  day, 
exoqit  for  shmt  periods  v^iidi  were  required  to  copy  tibe  data  to  diski^.  An  overview  of  die 
available  data  sets  is  presented  in  Table  5.1.  As  an  exanqile,  the  data  collected  on  9  October  with 
die  slow  meteo  equipment  are  presented  in  Hguie  S.4a..d. 

TaUeS.l:  Overview  d  the  active  times  d  the  TNO-meteo  station  near  Oiedinger  Hans. 


Notes; 

1.  die  bars  indicate  the  active  periods 

2.  die  gq>s,  which  ate  goierally  shorter  than  IS  minutes,  show  the  daily  interrupts  for  storing 
and  copying  of  the  data 

3.  the  gap  on  6  October  fixim  10:40  ajn.  to  7  October  09:30  am.,  was  partly  caused  by  an 
unknown  reason  and  partly  by  a  power  failure 

4.  an  announced  power  failure  occurred  on  7  October  at  05:00  pm. 
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Results  of  the  TNO-FEL  Meteo  Station 
T.h.  and  Relatiev  Humidity 
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Results  of  the  TNO-FEL  Meteo  Station 
Wind  speed  and  direction 
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Results  of  the  TNO-FEL  Meteo  Station 
Pyranometer  and  Pressure 
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Results  of  the  TNO-FEL  Meteo  Station 
Nephelometer  and  Rain-gauge 
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Figure  5.4:  Data  from  the  TNO  meteo  station  at  the  mountain  on  9  October  1992  showing  diy  and  wet 
bulb  tempaatores,  relative  humidity  (a),  wind  q)eed  and  wind  direction  (b),  pressure  rad 
sun  inadikion  (c)  rad  data  from  the  nefdiehnneter  and  rain  gauge  ((Q. 


Regarding  the  pyranometer  recording,  it  is  noted  that  the  meteo  in  the  valley  is  oftm  different 
from  that  at  the  top.  For  instance,  in  the  morning  of  9  October,  the  valley  was  covered  with  low 
lying  clouds  and  filled  with  fog.  After  about  10:00  ajn.,  the  clouds  in  the  valley  completely 
bumed-off  within  a  few  minutes.  See  also  Bissminette,  1992b. 

Note:  The  hygrof^yl  hygrometer  is  sensitive  t^  heating  by  the  sun.  As  a  result,  die  day-time 
temperatures  are  probably  too  high  and  the  calculated  relative  humidity  is  unreliable.  Therefore, 
the  use  of  die  data  from  this  instrument  during  sundiine  is  not  recommended.  In  a  latw  of 
the  experiment,  the  sensor  was  shielded  widi  polystyrene  foam. 


TNOrapoit 


Pige 

25 


5.3  Tuibuknt  fluctuadons  of  wind  speed  and  bmnidity;  active  periods  and  exaiEples 

A  Gill  ultra-sonic  anranometer  (Sonic)  and  an  Ophir  IR-2(XX)  hygrometer  were  used  on  die  5  m 
high  mast  (see  Hgure  5.3)  to  measure  the  wind  vector  in  three  dimensions,  die  tenqieratuie  (from 
the  speed  of  sound)  and  the  relative  humidity  at  a  repetition  rate  of  20  Hz.  The  data  genoated  by 
these  sensors  can  be  used  as  additional  meteo  information,  such  as  turbulence  intoisity,  but  also 
for  railffiiiarifig  local  tuibulent  fluxes  (heat  mommtum  and  moistuie).  The  turbulent  intensity  can 
be  related  to  optical  turbulence  via  the  structure  parameter  which  can  be  determined  from  the 
turbulence  spectra. 

All  the  raw  data  from  these  instruments,  were  stored  on  optical  disk  (WORM;  cqiacity  8(X)  MBy) 
in  6-minutes  data  blocks,  for  calculating  turbulen'^e  spectra,  cross-correlations  and  mean 
quantities.  The  dead  time  between  die  data  blodcs,  which  was  required  for  storage,  was  only  a  few 
seconds.  An  overview  of  the  active  periods  of  both  instruments  is  presented  in  Table  5.2.  In 
general,  the  Ofdur  and  the  Sonic  both  operated  24  hours  per  day  during  the  u^ole  eiqieiiment, 
except  for  some  short  periods  which  were  required  for  copying  of  the  data  and  for  maintenance  of 
the  Ophir. 


Table  5.2:  Overview  of  the  active  times  of  die  ultra-sonic  anemometa  and  the  IR-hygrometer  near 
GredingerHaus. 


Date 

Local  Time 

October 
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Notes: 

1.  The  time  required  to  copy  the  data  from  the  computers'  hard  disk  to  the  optical  dialf  was 
about  40  minutes. 

2.  The  amount  of  data  generated  by  the  Sonic  and  the  Ophir  was  about  35  MBy  per  day. 
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3.  Id  the  weekoid  from  3  to  5  Oct(rf>er,  die  instnuneots  were  not  active. 

4.  Doe  to  a  power  failure  oo  7  October  at  06:40  hours,  no  data  was  measured  during  part  ci  die 
moniing. 

Srnng  ftTflinnles  of  the  Soni*^  nptiir 

Tcagwatggg  jncaaiBd  hyAc  Sanig 

The  ultra-sonic  3D-windsen8or  measures  die  wind  qieed  and  the  speed  of  sound  at  a  rqiedtion 
rate  of  20  Hz.  Six-minutes  averages  and  standard  deviadons  of  temperature  were  derived  from  the 
speed  of  sound.  The  results  for  9  October  1992  are  presented  in  Hgure  S.S.  Note  diat  die 
teirqierature  fluctuadons  vary  from  less  dian  0.2‘C  during  darkness  to  a  maximum  of  TC  at  noon. 
Apparendy  the  lar^  fluctuadons  in  die  afremoon  are  caused  thermal  effects  due  to  solar 
heating.  Differences  between  the  hygrophyl  and  die  Sonic  might  be  caused  by  difference  in 
height,  the  sensitivity  of  the  hygro{diyl  to  die  surroui^ings  and  (unknown)  systematic 
uncertainties.  At  the  moment,  we  have  not  cmnpared  the  sonic  with  the  other  tenqierature  smsors. 
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TIME  Of  the  DAY 

Hguie  S.S:  Air  temperature  (Ihs  axis,  thick  line)  and  standard  deviation  (ihs  axis)  on  9  October  1992, 
averaged  over  6-nunutes  intervals,  derived  from  the  data  of  die  ultra-sonic  anemometer  on 
the  5  m  high  meteo-mast  near  'Gre^ger  Haus'. 
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Wind  ttpeed  and  directjon 

The  horizofttal  and  die  vertical  wind  speed  and  dieir  standard  deviations,  measured  widi  die  sonic 
anemometer  on  9  October  1992,  are  presented  in  Figure  5.6.  Nme  the  excellent  agreement  with 
the  results  of  the  cup  anemometer  (Rgure  S.4b).  Note  also  diat  die  standard  deviation  of  die  wind 
speed  during  the  day  (see  the  pyranometer  data  in  Hgure  5.4.c)  is  about  a  fimtor  2  larger  dian 
during  die  night 


Horz 
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Hgure  5.6:  Averted  horizontal  and  vertical  wind  speed  and  standard  deviations  on  9  October  1992 
near  'Gredinger  Haus',  as  measured  with  the  ultra-sonic  anemometer. 
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The  avenged  horizontal  and  vertical  wind  directum  are  presented  in  Figure  5.7.  Note  tte 
excellent  agreement  between  the  horizontal  wind  direction  and  die  results  of  die  wind  vane 
(Hgure  5.4b). 

Note  diat  diere  is  a  positive  vertical  wind  conqwnent  iriiich  mi^  be  caused  by  die  ridge  of  the 
mountain. 
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RgureS.7:  Horizontal  and  vertical  wind  direction  as  measured  widi  the  ultra-sonic  anemometer  on^ 

9  October  1992. 
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Humfatity 

Hie  opendoa  of  the  Ophir  IR-lj^grometer  is  mdi  diat  U  provides  20  Hr  raw  data,  from  whkh  die 
(abaolnte)  hnniidity  is  caknlated  by  die  ms.  fri  these  calrnlations,  valiies  ve  used  from 
indqieiideiit  measureiiieats  of  die  air  tenyffaime  and  the  intenis]  teoapenture  of  the  Ophir  vdudi 
are  measured  every  6  minutes.  The  tntemal  processor  of  die  instniment  provides  also  die  absohite 
and  relative  humidity.  The  extenudly  calculated,  dHmhmtes  averaged,  values  for  die  absoluie 
humidity  and  die  standard  deviadon  for  9  October  1992,  are  presented  in  Figure  5.8.  The  stmdard 
deviations  are  about  0.2  g/kgwidi  maximum  vf*  es  around  16K)0  hours  and  after  20K)0  hours. 


AH  -  o*H 
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Rgure  S.8:  Mean  and  standard  deviation  of  the  absolute  humidity  as  measured  with  the  IR-hygrometer 
on  the  meteo  mast  on  9  October  1992  near  ‘Oiedingn  Haus*. 


TNOnport 


30 


Note:  To  verify  Om  caknlated  avenged  hmnidity  over  the  d^nkutes  intervals,  tfiey  were 
compared  widi  die  internally  hmnidity  as  shown  in  ngme  S.9.  The  figure  shows  dutt 

dmeisanofEKtofaboiit  1  g4g.  This  is  canned  by  die  internal  calculations  wfaidi  nse  die  nearest, 
dq>  switch  selectabte,  altitude  of  1830  m  addle  the  actual  height  is  1750  m.  The  two  curves  of  die 
absolute  humidify  (indicated  by  AB),  measured  at  die  beginning  and  at  die  end  of  each  fi^mnute 
period  correlate  very  well  Ihis  is  die  same  for  die  rdadve  humidify,  indicated  by  RH. 


AB -  AB -  RH -  RH 


TIME  of  the  DAY 

Rguie  3.9:  Relative  and  absolute  humidity  as  provided  by  internal  processor  of  die  Ophir  at  the 
beginning  and  at  the  end  of  eadi  d-minutes  period.  Date:  9  October  1992. 


Note  that  parts  of  die  sht^  of  the  RH-curve  (not  the  actual  values)  are  comparable  widi  die 
results  provided  by  the  hygrophyl  shown  in  Hgure  5.4a,  dashed  line- 


The  Opidr  IR-hnmidity  Moaor  provide!  also  die  air  and  the  dewpoint  tea^)enaiiie  at  die  bcginoing 
and  at  die  end  of  eadi  6-minute  cycle.  These  temperanaea  ate  presented  in  Rgme  5.10. 


TIME  of  the  DAY 

Rgme  S.IO:  Dew  point  and  air  tenyeiature  as  measund  with  the  IR  hygiomet»  on  9  October  1992  on 
the  meleo  mast  near  Oiedinger  Hans. 


Note  diat  daring  night  dme,  there  is  an  of&et  of  about  -2  degrees  with  reflect  to  die  temperature 
provided  by  die  Sook.  Ptatdiermore,  die  tox^ieratures  provided  by  die  Oidiir  during  die  day  are 
higher  dian  from  die  Sonic  and  the  variations  show  a  slight  coireladon  widi  die  variations  of  die 
data  from  die  pyranom^r.  Therefore,  it  seems  diat  die  Ophir  is  also  sensitive  to  solar 

Spectre  of  wind,  temnctalure  and  humiditv 

Thibulent  spectra  of  air-flow  components,  tenqierature  and  humidity  can  be  calculated  from  the 
20  Hz  data  obtained  from  die  ultra-sonic  anemometer  and  die  IR  humidity  sensor.  These  spectra 
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atteamwiie  (horiaootal)  aod  die  votical  wind  variance  ^lectxa  diow  die  Kolmogorov  decay 
(power  *5/3)  from  iriddi  the  martial  anbraagea  can  be  determined.  Tlie  temperatuie  variancea  alao 
diow  dua  bdiavionr.  (iii|^  fteqoeacy  qukea  in  acme  of  die  qiectra  mig^  be  caoaed  by  die  eigen 
fre^ienciea  of  die  meleo  maat)  The  humidiQr  variance  qiectra  do  not  ahow  die  well  known 
Kolmogorov  behavioiir.  We  cannot  eiqilain  whether  diia  ia  a  true  atmoqiheric  behaviour  or  an 
inatniment  deSckacy. 


CardnwBi 

Ihe  vaiiatiooa  in  wind  apeed,  teaapentare  aod  humidity  time  aeriea,  can  be  cmaa-cofrelated  to 
calculate  tuibulent  flnxea  e.g.  die  tutbolent  momentum,  heat  aod  humidity  flux.  An  exampl 
andi  a  comlatioo  calcnlatko  between  die  atreamwiae  wind  qieed  and  the  temperature,  <a.t>, 
between  die  vertical  wind  tpted  aod  the  tentyoratuie,  <w.t>,  (re^ectivdy  die  horizontal 
vertical  kinematic  turboleiit  heat  flux)  ate  preaeoted  in  Figure  5.12.  (The  reanUa  are  probal^ 
influenced  Ity  die  mountain.) 
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TIME  of  Ibe  DAY 

Hgnie  5.12:  Conehakn  between  the  ttreamwise  wind  speed  and  die  temperatuie,  <8.t>  (solid  line),  and 
the  vertical  wind  need  and  the  tempeniure;  <w.t>  (thin  line).  (Data  from  utia>saoic 
anemometer,  9  October  1992). 
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Hgiure  S.12  >how$  dial  the  conelation  becween  the  horizontal  (streamwise)  wind  ^wed  and  die 
ten^wratare  ia  positive  during  die  night  and  morning,  but  negative  short  after  sunrise  and  during 
die  day.  The  opposite  is  true  for  die  correlatum  between  die  vertical  wind  and  the  temperature. 
This  might  be  r*"«**<  by  a  downward  tnrbukat  beat  tranqxat  during  the  nig^  and  an  iqrward 
turbulent  heat  tran^Kut  during  the  day.  After  sunset  die  correlation  between  the  wind  and  die 
temperature  varies  strongfy. 


5.4  Aerosol  probes;  active  periods 

Aerosol  measurements  were  performed  widi  die  following  equipment  from  Particle  Measuring 
Systems,  Boulder,  Co,  USA: 


.  ASAS  300A 
.  CSASIOOHV 


The  probes  were  not  opeialBd  unattended  during  the  experiment  because  a^irated  water  would 
damage  die  instrument  in  cases  of  rain  and  heavy  fpg. 

TaUeS.3:  Overview  erf  dw  active  tinm  of  die  TNO-aeios(d  probed  near  Oredinger  Haus. 


Date 

Local  Time 

October 

0  0 
0  1 

000000001  1 
2345678901 

1  1 

2  3 

1 

4 

1  1 

5  6 

1112  2  2 
7  8  9  0  1  2 

2 

3 

2 

4 

1 

,  ^ 

_ 1 

1 

9 

i 

1 

z 

3 

4 

Q 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 

U 

1 

1 

- 1| 

5 

1 

1 

I 

J 

6 

1 

J 

U 

1 _ 1 

Remarks: 

1.  visibility  about  36  km 

2.  defect  ASAS  300  A-ptobe 

3.  clear  day 

4.  heavy  clouds 

5.  dissolving  clouds 

6.  visibili^  smaller  than  100  m 
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6  CONCLUSIONS 

An  overview  hns  been  piesented  of  (be  TNO  instnimeotation  and  eiqmimmts  dming  NATO 
e^wiment  VAST92,  ilhistrated  with  some  typical  exanq>les.  A  number  of  data  sets  have  been 
processed  to  demonstrate  die  possibilities  of  the  different  instruments  for  for  the 

calculation  of  the  tuibolent  fluctuations  of  tenqienuuie,  wind  qieed  and  humidity. 

The  altitude  of  the  cable  car  was  deteimined  with  a  pressure  sensor.  An  empiriffai  relation  has 
been  derived  to  convert  pressure  to  altitude  udiich  is  widiin  3%  of  die  dieoty. 

This  report  will  be  used  as  a  guide-line  for  processing  die  INO  data  in  conjunction  widi  data  from 
odier  participants  and  will  inform  die  other  participants  on  die  availability  of  the  TNO 
Intetpretadon  of  the  results  is  postyoned  U>  later  reports. 
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RELATION  BETWEEN  PRESSURE  AND  ALTITUDE 
(EquadoDS  (A.1HA.10)  provided  by  Dr.  J.  Martin,  ASL  USA) 


Hie  simplest  mediod  for  height  as  a  hmcdon  of  pressure  and  tenqieratnre  for  die  test  at 
Obeijettenberg  is  the  following: 


z  =  a. 

1- 

f-1 

•O  R  - 

a 

1  TbJ 

(A.1) 


where: 

a  a  tenqieratare  liqise  rate,  •"  0.0065  K/m 
P  s  pressure  at  height  Z  in  mBar 

pQ  a  pressure  at  reference  height  fo  tnBar 

R  s  gas  constant,  29.2745 

To  =  tenqierature  at  reference  height  Zq  in  K 

Z  s  height  in  m 

2o  =  reference  height,  650  m  (valley  station) 


The  derivation  of  equation  (A.1)  is  based  cm  the  following  assumptions: 

a)  the  atmo^hoe  is  an  ideal  gas 

P  =  s.g.RT  (A2) 

where: 

g  >  acceleration  of  gravity,  9.80665  m/s^ 
s  s 

T  =  tenqierature  in  K 

b)  die  traqierature  lapse  rate  is  Cimstant 


T  =  To-aZ 


(A.3) 
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The  mentioned  lq>8e  rate  for  temperature,  a,  may  not  be  indicative  for  the  situation  at 
Obeijettenberg  but  can  be  calculated  fnan: 


Derivation  (A  1} 

Starting  with  Newtons  fundamental  law  of  motion  and  using  gravity  as  the  acceleration  force: 
F  =  mg  (A.5) 


Now,  pressure  is  a  force  per  unit  area  A,  or: 

F 

P-  -  (A.6) 

A 


and  the  mass  of  the  atmosphere  above  the  unit  area  is: 

m  s  s  •  A  •  z  (A.7) 

where: 


z  s  total  height  of  the  column  of  air  above  the  point  in  question. 

Substitution  of  equation  (A.5)  and  (A.7)  in  (A.6)  provides: 

P  =  s  •  g  •  z  (A.8) 

The  differential  form  of  this  equation  is: 

dPs-s-g-dZ  CZ  -  ccHistant  -  z)  (A.9) 

Substitution  for  s,  using  the  ideal  gas  law  (A.2)  we  find: 


HEIGHT  In  m 
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Pi 

i 


P 


-1 

RT 


dZ 


(A.10) 


Snbstitutioii  of  equation  (A.3)  in  (A.10)  and  integrating  from  aome  reference  heiglit  Zq  with 
pressure  Pg,  provides  equation  (A.1). 


To  study  the  influence  of  tenq)eratute  and  teitq)erature  lapse  rate  cm  die  relation  between  pressure 
and  height,  equation  (A.1)  has  been  plotted  in  Figure  A1  for  different  reference  pressures, 
different  reference  tenqieratutes  and  different  hqise  rates. 


HEIGHT  versus  PRESSURE 

theoretical  approach 


PRESSURE  in  mBar 

Figure  Al;  Relation  between  pressure  and  height  for  diree  reference  pressures  fm  the  VAST  92 
situation.  The  influence  of  temp«atuie  and  temperature  lapse  rate  is  mdiratH  in 
respectively  the  850  and  950  mBar  curves. 
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The  results  of  Figure  A1  indicate  diat  (in  die  range  and  pressure  interval  during  VAST  92)  die 
relatkm  between  hei^t  and  pressure  is  almost  linear.  The  dope  depends  slightfy  on  tenipaature 
and  referaice  pressure.  The  teinpentazc  ]spae  rate,  a,  has  little  infhience  oo  die  curve. 


Tlie  sl<^  of  die  curves  in  Figure  A1  has  beoi  studied  in  more  detail  by  difEerentiating  equation 
(A.1)  widi  respect  to  pressure.  Tliis  yields  the  following  result: 


dP  PO  I  Toj  |,Poj 


(A.11) 


This  differential  quotient  is  plotted  in  Hgure  A2  as  a  function  of  die  pressure  P. 


GRADIENT  vs  PRESSURE 

theoretical  approach 


Rgure  A2: 


PRESSURE  in  mBar 

Dqtendence  of  die  differential  quotient  d^dP  as  a  function  of  the  {Messure  fnr  Ihtee 
reference  pressures. 
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During  VAST  92,  die  reference  pressure  at  the  reference  height  (vall^  cable  car  statira  at  650  m 
beiifu)  varied  between  about  920  and  about  940  mBar.  At  die  mountain  statioD,  die  pressure 
varied  betweoi  about  820  and  about  840  mBar.  As  a  result,  die  averaged  differential  quorient 
dZ/dP  over  diis  interval  is  about  9.2  mAnBar. 

Eiqperimentally,  an  averaged  value  of  93  m/mBar  was  found.  The  difference  between  theory  and 
eiqperiment  of  about  3%  might  be  caused  by  the  non  adiabatic  hqise  rate  of  temperature,  die 
uncertainty  of  the  absolute  calibration  of  the  pressure  sensor  and/or  the  strain  of  the  cable. 
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